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Engirdaibiibe bava e Heduhule 2iikh

mesmcaisn - [Particle Physics \

(PSI, Switzerland) in Summer 2013
What's up ¥

* Dwuring the semester break in summer we parform at the Paul Scharrar Institute
(Switzarland) a real beam-line axparimant to teach students in exparimental particle
physics.

+ About 10-12 students from the ETH Zurich and the Universitieas Zurich and Heidalbarg
spend two to threa weeks at PSI to perform an experiment. The course includes leciuras
about several topics of experimeantal techniques. Main emphasis, howaver, is put on the
practical work and "hands an”.

* Students plan and consiruct a small experiment from unused detector components. After
commissioning the real fun starts: data taking all day and night (7/24}) using one of tha
beamlines at PSI. During and after data taking a full analysis of the data is parformed
and summarised in a written documant.

Examples from previous measurements:

* Branching Ratio: B{r— wu)/B{a—au)

*  Panofski Ratio: Bixp—nxp'Bi{ap—ny)

* Lifetimes and decay parameters of muons and pions

Date of next course:

26. August - 13. September 2013

Contact Persons:

A.Schining: schoning@physi.uni-heidelberg.de
C.Grab : grabi@ phys.ethz.ch

P.Robmann: pater@physik.uzh.ch

Limited number of places, please register!
This course (MWYPSI) is par af the Masier

Programme al the Facully of Physics
and Asfronomy in Heaidelberg! *

P L =
ETH Irestitute for
060213 § A Schaning @ D Partice Prysics




Weak Force

Decay of strange.particles Nuclear beta decay

N\ N (+fission)
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Isotop Halbwert-

zeit
11,7 m
874
and heavy quarks P8au 2,74
61d
B30 30a
. a7 10
scattering processes? . lﬁRb 6 X 101451
In 6 x 10 a
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scalar coupling:

=9y
Current: pseudoscalar coupling:
"Y' A=Yy

Tensor Coupling
ot = Py y =y ¥y v

Schoning/Rodejohann 3} Standard Model of Particle Physics SS 2013



(helicity flip!)
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(helicity flip!)

ce between helicity and chirality?
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(helicity flip!)

nce between helicity and chirality?
erence between helicity and polarisation?
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o helicity flip)

(helicity flip!)

erence between helicity and chirality?
difference between helicity and polarisation?
he difference between helicity flip and spin flip?
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0,4,/0b JADE

IITTI|IIIIllilll'II'l]lIlIIllll
e —> )
1,00 &
050 f
0,10 =
QED
0,05 —
Il-tl-llllI.l.lll;.ln.l-lillllllll
0 400 800 1200 1600 2000 2

s/GeV
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energy: E(e)

2
i)l 28 with: |Hﬁ|2 =|( £1H|i) =const
i,

2
Y 2 dp, pldp, ——

4 4J'l74 h4 dEo
2 2 2 : n=p.lm
[H 4 m(eg—€) dm  with: p
e=FE,/m,
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E,=3,50 MeV
£~ 7845 mc2

: 1
independent of energy! o = constant
fi

)
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finite neutrino mass limited energy resolution:

JNIpF —

.
'Y

—imje £

Elcctron energy —
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Bergkvist {1972) Tretyakov et &, (19/6)

] 1 ]

1 L F | .
&75 Arbitrary units 480 Efy o 0 Arbi’rrusr?,' scnlemﬂ Eg
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Katrin Experiment

Beta-Spectrum in the tritium decay

current limit; mv<1 eV

expected limit:
m <~ 0.1-0.3 eV
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Isotop Halbwert-
zeit

tn 11,7 m
33g 87 d

8 au 274

My 61d
B30 30a
STRb 6x 10'%a
115111 6 x 101421

e depends on the fifth power of the
rticle mass (muon decay)
» Q value (nuclear decay Q~E_+E) (only little recoil)
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conds — 10" years

~ O(10) cm
strong
>> 103 Km (neutrino energy dependent)
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only tiny fraction of

/
I5GeV P neltrinos is detected

Protonen- Dipol-
beschleuniger fithrungs-
magnet |

Eisen- Funkenkammer-

absorber detektor

13.5m 10 Tonnen
TR - | el rm =
_- Pion-Zerfalls- l e

Beryllium- kanal 21 m
Platte Zerfall m — v e e
The weak force is really weak!
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Weak scattering processes

» A constant matrix element (Fermi theory) gives an energy
dependent cross section in weak scattering processes

e \Y
\ e

VH u

neutrino-electron scattering
d \ u

A u

neutrino-nucleon scattering

» Reason: phase space!

O(\/Me Suv, ) o G;S

O<Vud Suu)oc Grs
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nuclzon

Cross 100
section

10

0.1

0.01

T T TTTTH] T TTTT

I|I]

IIIII 1 IIIIlIII 1 lll'!ll\l

R | LELRRALL|
»

linear rise —— .~
(Fermi theory)

Ll -

I 11 I 1 IIIIII' 1 LIIIIIII

[N

w2 w2 1™

0w’ 10!
beam energy g,
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=2E\*' M

target

s=4 F C:” E p (HERA: electron-proton)

parison:

E
E{~2 B T~ 50 TeV’

target
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ectron-Proton Collider HERA

E,=26.7 GeV E =920 GeV




Lorentz Invariant Kinematics of
Deep Inelastic Scattering Process

The virtuality of the exchanged
photon is given by:

neutrino

0°=—-q¢ = —(p-p') , 0
1 positron |
g 4
sin" 0/2
W-boson
Relative energy loss (inelasticity):
. _ g P =
EElektron p P 2
proton

relative fraction of parton momentum:
2 2
_ 9 _ Q0

2q P E

X

withcms energy: s = 2pP

Schoning/Rodejohann 23 Standard Model of Particle Physics SS 2013



hadronic |
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section

nucleon

- u |inear rise — ./
(Fermi theory) ’

Cross 100 ¢

0.1

;\ 1992 (13 events)

effect of W-propagator

G Ay

V2 M2+ O’

O.Gl 1 L1 1111l 1 L1 tuill
w2 w2 g™

10?2 TeV
beam energy g,

of Fermi theory at high energies s'2~100 GeV
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Lorentz Structure of Weak Process?

Lagrangian (independent of energy)

_i 77 ' 1T r 1y
b= T T

most general ansatz for operator I

Vector Current: scalar coupling:
J>=Wy" W (Fermi's proposal): A =Py

Axial-vector Current: pseudoscalar coupling:
= 0yry e A=y Y

Tensor Coupling
ot = Py y =y ¥y )y
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re?

Gamov Teller transition

t— 41t

spin  +1/2 -1/2
e v n D e v

Fermi transition

t=1- 4

spin  +1/2 +1/2
N

2 spin flip (AJ=0,1)
rino in singlet state @ electron and neutrino in triplet state
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re?

Gamov Teller transition

t— 41t

spin  +1/2 -1/2
e v n D e v

Fermi transition

t=1- 4

spin  +1/2 +1/2
n p

2 spin flip (AJ=0,1)
trino in singlet state @ electron and neutrino in triplet state

Note: spin flip # helicity flip
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re?

fix electron helicity= -1 eller transition

vector
Momentum coupling

-t

helicity 0* - -1 +1

Momentum coupling 2

=

helicity 0" 3 -1 +1

axialvector J

N P e Vv N P e v

scalar tensor
Momentum coupling 9 J Momentum coupling \ J
Spin t — t + t Spin t —_— + t t
helicity 0* - -1 -1 helicity 0* : -1 -1
N P e Vv n P e Vv
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re?

RH anti-neutrino helicity eller transition

vector
Momentum coupling

-t

helicity 0* -

Momentum coupling 2

=

helicity 0" 3 -1 +1

axialvector J

n o) e Vv n o e v

scalar tensor
Momentum coupling 9 Momentum coupling ‘ ‘
Spin t —_— t + t Spin t —_— tt
helicity 0~ - +1 +1 helicity 0* - +1 +1
N P e Vv n P e Vv
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Z Structure?

fix electron helici Gamov Teller transition

vector
Momentum coupling

A=t et

helicity 0O - -1 +1 helicity 0O - -

n P e Vv n P e v

axialvector
Momentum coupling 2

» Both, Fermi and Gamov Teller transitions observed in weak interactions
+ \/ector and Axialvector currents conserve helicities and realised in
nature
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uplings flip helicity!
of decay leptons!

tensor
Momentum coupling

scalar
Momentum coupling 9

| |
A=t =l

helicity 0* - -1 - helicity 0* : -1 -1

n P e v n P e v
g/Rodejohann 32 Standard Model of Particle Physics SS 2013
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O 1 O
0O 0 —1
0O 0 O
1 0 O
0
1 (in other representations
0 d is diagonal )
0
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limit p — o
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ator

S

eigenvalues % 1

anded (chiral) particles: -1
ht-handed (chiral) particles: +1

note: a right-handed chiral anti-particle has a left-handed helicity
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rator

the limit of |E| — infinity

ght-handed (chiral) state)
(left-handed (chiral) state)

late Dirac Equation:

YO, R=mL iy'o,L =mR

note: massive fermions must have left-nanded and right handed components
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rrents

D: 0, j = 0 (conservation of currents)

note: Y YS Y'Y

ent:
JR=0y" Iy

weak interaction (V-A theory):
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